Background: The objective of this study was to assess the level of knowledge of cervical cancer among Bangladeshi women and to assess their willingness to receive the human papillomavirus (HPV) vaccine. Methods: A population-based, cross-sectional survey was conducted from July to December 2011 in one urban and one rural area of Bangladesh. A total of 2037 ever-married women, aged 14 to 64 years, were interviewed using a structured questionnaire. Data on socio-demographic characteristics and knowledge of cervical cancer were collected. Willingness to receive the HPV vaccine was assessed. Univariate analyses were completed using quantitative data collected. Multivariable logistic regression models were developed to identify factors associated with having heard of cervical cancer and the HPV vaccine. Results: The majority of study participants reported to have heard of cervical cancer (urban: 89.7%, rural 93.4%; P = 0. 003). The odds of having heard of cervical cancer were significantly higher in urban women aged 35-44 years (aOR: 2. 92 (1.34-6.33) and rural women aged 25-34 years (aOR: 2.90 (1.24-6.73) compared to those aged less than 24 years. Very few women reported to have detailed knowledge on risk factors (urban:9.1%, rural: 8.8%) and prevention (urban: 6.4%, rural: 4.4%) of cervical cancer. In our sample, one in five urban women and one in twenty rural women heard about a vaccine that can prevent cervical cancer. Among urban women, secondary education or higher (aOR: 3.48, 95% CI: 1.67-7.25), age of 20 years and above at marriage (aOR: 2.83, 95% CI: 1.61-5.00), and high socioeconomic status (aOR: 2.25, 95% CI: 1.28-3.95) were factors associated with having heard of the HPV vaccine. Willingness to receive the HPV vaccine among study participants either for themselves (urban: 93.9%, rural: 99.4%) or for their daughters (urban: 91.8%, rural: 99.2%) was high. Conclusions: Detailed knowledge of cervical cancer among Bangladeshi women was found to be poor. Education on cervical cancer must include information on symptoms, risk factors, and preventive methods. Despite poor knowledge, the study population was willing to receive the HPV vaccine.
Background
Globally, cervical cancer is the fourth most common cancer among women, with an estimated 528,000 new cases in 2012 [1] . A large majority of the global burden of cervical cancer occurs in less developed regions, where almost nine in ten (87%) deaths are due to cervical cancer [1] . Such disproportionately high mortality rates have been attributed to several factors, including lack of availability of organized and high quality cervical cancer screening and treatment programs, lack of knowledge of cervical cancer, attitudinal barriers, and poor health systems infrastructure [2] [3] [4] [5] . In Bangladesh, cervical cancer is the second most common cancer amongst women with an estimated 11,956 incident cases and 6582 deaths in 2012 [6] .
Human papillomavirus (HPV) is the necessary cause of cervical cancer [7] . Persistent infection of approximately 15 high-risk HPV genotypes cause almost all cases of cervical cancer and its immediate precursor lesions [8] . Of these genotypes, HPV-16 and HPV-18 account for about 70% of global cervical cancer cases, with HPV-16 causing about 55-60% and HPV-18 about 10-15% [9] . Similarly, according to our previously published findings, HPV-16 is the most common high-risk HPV genotype detected in Bangladeshi women [10] . This consistent global discovery has resulted in the major development of primary prevention of cervical cancer through HPV vaccination of young adolescents [11] .
Currently, there are three types of HPV vaccines available in the global market: nonavalent vaccine "Gardasil -9™," quadrivalent "Gardasil™" and bivalent "Cervarix™. " The HPV vaccine has demonstrated high degrees of efficacy with maximum clinical effectiveness and costeffectiveness in the target population of young adolescents, who are less likely to have been previously exposed to high-risk HPV genotypes [12, 13] . As these vaccines are highly effective before exposure to HPV, current guidelines prioritize adolescent girls as the primary target group for HPV vaccination [14] .
While the vaccine has been shown to be efficacious, high vaccine uptake is essential for successful HPV vaccine program implementation [15] . Several factors have been attributed to high vaccine uptake among women, including knowledge of cervical cancer and the HPV vaccine, and its associated benefits [15] , specifically in the United States (U.S.) and Australia. Additional studies conducted in the U.S. have shown that caregivers of vaccinated children are more likely to be knowledgeable of the HPV vaccine than caregivers of non-vaccinated children [16, 17] . However, research conducted in developing countries, including Kenya and Nepal, have shown high HPV vaccine acceptability and willingness to receive the vaccine among women, despite low to moderate levels of knowledge of cervical cancer and the HPV vaccine [18, 19] . Country-level data on knowledge of cervical cancer and attitudes towards the HPV vaccine among Bangladeshi women are imperative for resource allocation of cervical cancer primary prevention programs and to identify target groups for future educational programs. Data are particularly necessary as the HPV vaccine has been recently introduced in 2016 for the first time in Bangladesh by the Ministry of Health, with support from the Global Alliance for Vaccines and Immunizations (GAVI) [20] .
Among Bangladeshi women, one previous report has documented high (81%) awareness of cervical cancer, however, the majority (74%) of these data were collected from women residing in rural areas and limited to women above the age of 30 years [21] . Additionally, indepth knowledge on cervical cancer, such as risk factors or symptoms, was not assessed. Data on knowledge of cervical cancer among a more representative sample, including those residing in urban areas and younger populations, are needed. Additionally, data on knowledge of HPV and the HPV vaccine among Bangladeshi women are currently not available in the literature. Therefore, the objective of this study was to assess women's knowledge of cervical cancer and willingness to receive the HPV vaccine among women residing in both rural and urban areas in Bangladesh. Additionally, factors associated with having heard of cervical cancer and the HPV vaccine were identified by urban and rural area of residence among this population. We hypothesized that knowledge of cervical cancer will be low and willingness to receive the HPV vaccine will be high, similar to other developing countries in the region.
Methods

Study population
Data for this study were collected during the baseline assessment of a population-based longitudinal cohort study developed to estimate the overall burden of HPV infection and risk factors associated with persistent infection among females in Bangladesh. This crosssectional survey was conducted between July and December of 2011 in one rural and urban area of Bangladesh. The urban area was located in Dhaka, the capital of Bangladesh. Since 2010, the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), an international research organization, has maintained a surveillance site for on-going research projects in Dhaka in one specific administrative ward (smallest administrative urban geographic unit), which covers a population of approximately 27,000. To construct the sampling frame for the urban site, the administrative ward was divided into nine clusters, of which three were selected for this study. The rural area was located in Mirzapur, a sub-district of Tangail district. In Tangail, icddr,b has organized a demographic surveillance site since 2007. This surveillance site includes a population of approximately 240,000 and consists of eight unions (smallest administrative rural geographic unit). Of these eight unions, two were purposely selected and included in the sampling frame for the rural site. Systematic random sampling technique was used to select women in both areas.
Women who were ever-married, aged 14-64 years and residing in the study areas were invited to the study clinic for further assessment by the study physician. Women who were pregnant, post-partum, or with a history of hysterectomy, cervical cancer, uterine prolapse or with major psychological/psychiatric problems were excluded after history taking and/or clinical examination by the study physician. Pregnant women and women who were post-partum were excluded as cervical sampling implements may cause bleeding and interfere with the HPV test results. Further details regarding sampling methods, data collection, HPV testing and survey implementation methods have been previously published [10] .
Survey instrument
Upon providing consent, women were interviewed using a structured and close-ended questionnaire, which collected demographic information, reproductive history, lifestyle factors such as condom and tobacco use, and knowledge of cervical cancer and attitudes towards the HPV vaccine. In order to assess knowledge of cervical cancer, participants were asked if they had "ever heard of a cancer called cervical cancer?" If participants responded, "Yes," then a series of questions to assess women's knowledge related to the disease and attitudes towards the HPV vaccination were asked, however, if a participant responded "No" then knowledge of cervical cancer and attitudes towards the HPV vaccine was not further assessed.
In order to assess knowledge, the following questions were asked: (1) "From where did you hear about cervical cancer?"; (2) "Do you know how a woman can get this cancer?"; (3) "If yes, how can a woman get this cancer?"; (4) "Do you think cervical cancer can be prevented?"; and (5) "If yes, how can it be prevented?" Possible responses to all knowledge questions were defined in the questionnaire, including an "Other" option. Participants were able to provide a free response if they chose "Other." Responses to "Other" were recoded and included in the analysis. Participants were able to provide more than one response for each question.
Next, participants were asked a series of questions to assess their attitudes towards the HPV vaccination. If a participant had previously indicated they had never heard of cervical cancer, then these questions were skipped. Questions related to attitudes towards the HPV vaccination included, (1) "Have you heard of a vaccine to prevent cervical cancer?"; (2) "Would you support a measure to prevent cervical cancer?"; (3) "If there was such a vaccine available, would you take the vaccine to prevent cervical cancer?"; (4) "Would you be willing to give your daughter such a vaccine?"; and (5) "Would you be willing to recommend the vaccine to others?" Participants were able to answers these questions with either "Yes," "No" or "Not Sure/Don't Know."
Sample size
The sample size necessary to carry out this study was calculated using the parent study's objective to assess the prevalence of HPV in the Bangladeshi population. Prior to our study, the prevalence of HPV in Bangladesh was unknown. Based on estimates of HPV prevalence from neighboring countries, we assumed the prevalence of HPV infection among the general female population in Bangladesh would be close to 8%. We utilized the following formula to calculate the sample size [22] :
Here n = sample size, Z = Z statistic for a level of confidence, P = expected prevalence or proportion and d = precision. Using this formula, we calculated the necessary sample size for the urban and rural sites separately to account for potential differences in loss to follow-up. For both sites we used the following parameters to complete our estimates: 8% prevalence, 2% allowable error, and 95% confidence intervals. For the rural site, we estimated our loss to follow-up may reach 20%, including drop out due to pregnancy during the two-year follow-up period leading to a target sample size of 883. For the urban site, we assumed loss to follow-up may reach 30%, as residents of urban areas are more mobile than rural areas. Based on this assumption, the target sample size for the urban site was 1009 women.
Data analysis
Descriptive analyses were conducted to assess demographic characteristics of participants, by rural and urban area of residence. Frequency distributions were presented on background characteristics, including age, marital status, education, occupation, parity, and monthly household expenditure as a proxy measure for socioeconomic status. Test of significance was performed using Chi-square test at 5% level of significance. Multivariable logistic regression models were generated separately for urban and rural women to assess factors associated with "Ever heard of Cervical cancer" and "Ever heard of HPV vaccine" as dependent variables. Adjusted odds ratios (aORs) and its 95% confidence intervals (CIs) were estimated. Variables of interest to include in the multivariable model were initially identified using the existing literature [23, 24] . Next, these variables were assessed using univariate analyses. Any factor that provided a univariate p-value <0.05 for either the rural or urban model was included in the final multivariable regression models. The following variables were adjusted for in the models: age, education, occupation, age at marriage, husband's education, parity, socioeconomic status, oral pill use, abortion history, and condom use. Collinearity was assessed using the variance inflation factor (VIF) to ensure a strong linear relationship among independent variables included in the model was not present. Due to the sampling design and possible effect modification, data analyses were carried out separately for urban and rural samples. All statistical analyses were performed using STATA/SE 12.0.
Results
A total of 3354 eligible women were approached; 1855 in the urban area and 1499 in the rural area. Of the 1855 urban women approached, 1152 (62%) agreed to participate. Among those who agreed to participate, 1113 (97%) completed interviews. In the rural areas, 1159 of 1499 (77%) eligible women agreed to participate and 924 (80%) completed interviews. Common reasons included refused to take part in the study (n = 597; 18%), failure to attend scheduled interview located at project office (n = 330; 10%) or were found ineligible based on study exclusion criteria (pregnant, post-partum, or with a history of hysterectomy, cervical cancer, uterine prolapse or with major psychological/psychiatric) after examination conducted by the study physician at enrollment (n = 390; 12%). Table 1 presents socio-demographic characteristics of our study population in urban and rural areas in this study. Urban and rural women differed significantly on most socio-demographic characters except parity. In both urban and rural sites, the average age of women was 33 years. Significantly more women in the rural area reported they were married than their urban counterpart (98% versus 90%; p < 0.001). Overall, women from the urban site were more educated, with an average of approximately 7 years of education compared to 5 years of education among rural women. 16% of urban women reported to work as a garment worker or housemaid compared to about 1% of rural women. Additionally, a higher proportion of urban women (31%) reported a monthly expenditure of 20,000 BDT or greater compared to rural women (7%). One-third of rural women were married at 14 years of age or younger. Urban women reported to have more educated husbands than rural women with an average of approximately 9 years' education compared to about 6 years respectively (p < 0.001). In our sample, significantly more women in rural areas heard of cervical cancer compared to urban women (93% versus 90%, p = 0.003). Very few women reported to have ever had a cervical cancer screening test. There were significantly more women in the urban area who underwent cervical cancer screening compared to their rural counterpart (3% versus 1%, p < 0.001). None of the women in this study reported to have previously received the HPV vaccine, based on self-report.
Background characteristics
Knowledge of cervical cancer and willingness to receive HPV vaccine
Of the women who reported to have heard of cervical cancer (n = 1861), only one in ten reported knowing different ways of getting the disease (n = 182) ( Table 2) . Urban women reported the most common way of developing cervical cancer was sexual intercourse (33%), which in rural women was "poor hygiene during menstruation" (22%). "Sexual relationship other than husband" was the next common way of getting cervical cancer in both rural (20%) and urban (21%) women. Very few women (urban: 6%, rural: 3%) indicated, "not using a condom" as a way to develop cervical cancer.
Women's knowledge about prevention of cervical cancer was also very poor. Very few women believed that cervical cancer can be prevented (urban: 7%, rural: 4%). When asked about the ways this disease can be prevented, the majority thought that cleanliness (urban: 31%, rural: 44%) and maintaining a monogamous sexual relationship with their husband (urban: 32%, rural: 20%) was the most effective preventive measure. Over onethird of rural women mentioned medications as a method to prevent cervical cancer. 16% of urban women mentioned vaccination as a preventive method against cervical cancer compared to 5% of rural women. Very few women, both in urban and rural areas, were able to indicate "regular examination by doctor" as a method to prevent cervical cancer (Table 2) . Of the 1861 women (91%) who reported to have heard of cervical cancer, the majority of women heard about it from neighbors (urban: 55%, rural: 66%), relatives (urban: 31%, rural: 45%) and television (urban: 30%, rural: 15%) ( Table 2) . Table 3 presents results from the multivariable logistic regression models of factors associated with having heard of cervical cancer. After controlling the effects of other factors in the models, we identified an effect of age among both urban and rural samples. Among urban women, the odds of having heard of cervical cancer were highest among those aged 35-44 years when compared to those aged less than 24 years (aOR: 2.92, CI: 1.34-6.33, p = 0.007). In rural women, the odds of having heard of cervical cancer were significant only for the age Education was identified as a significant factor among urban women. Urban women with primary education (aOR: 2.44, CI: 1.33-4.49, p = 0.004) and secondary education or above (aOR: 3.76, CI: 1.97-7.18, p < 0.001) had increased odds of hearing of cervical cancer when compared to urban women with no education. No significant effect of education was observed among rural women.
Parity was found to be associated with having heard of cervical cancer for urban women only. In particular, the odds of having heard of cervical cancer among urban women with three children or more was 5 times that of urban women with no children (aOR: 5.28, CI: 2.12-13.15, p = <0.001). Similarly, socioeconomic status was only associated with the having heard of cervical cancer among urban women. The odds of the outcome among urban women with a high socioeconomic status (SES) was 3.0 times that of the odds of urban women with a low SES (aOR: 3.00, CI: 1.42-6.34, p = 0.004). And finally, ever condom usage among urban women was a significant factor associated with having heard of cervical cancer; the odds of having heard of cervical cancer was 67% higher among urban women who reported to have ever used a condom when compared to those who did not.
Attitude towards HPV vaccination
Twenty-one percent of urban women and only 3% of rural women reported to have heard of a vaccine that can prevent cervical cancer (Fig. 1) . When asked if they would take a vaccine to prevent cervical cancer, almost all women said yes (urban: 94%, rural: 99%). The majority of women were also willing to recommend the vaccine to others (urban: 92%, rural: 99%). Participants who had a daughter were asked if they would be willing to provide such a vaccine to their daughters to which most women said yes (urban: 92%, rural: 99%) (Fig. 1) . Table 4 presents results of the multivariable logistic regression models to identify factors associated with having heard of the HPV vaccine. Overall, no association was identified with age after adjusting for covariates previously identified to be associated with the outcome among both urban and rural women. Education was associated with the outcome among urban women only; the odds of having heard of HPV vaccine among urban women with secondary education or above was 3.48 times the odds of those with no formal education (aOR: 3.48, 95% CI: 1.67-7.25, p = 0.001). Similarly, age at marriage was only associated with the outcome among urban women only. Among those married at both 15-19 years (aOR: 2.18, 95% CI: 1.32-3.60, p = 0.002) and 
Discussion
In Bangladesh, cervical cancer remains the second most common cancer among women despite global advances in its prevention and treatment. Knowledge of cervical cancer and primary prevention through vaccination is low, indicating a major public health concern for the nation. Our study found that while a large majority of participants (~90%) were aware of cervical cancer, less than 10% had in-depth knowledge of the causes of cervical cancer and potential preventive measures in place. Additionally, participants reported very limited knowledge of the HPV vaccine, particularly rural women. This is the first population-based study conducted in Bangladesh to demonstrate widespread acceptance of HPV vaccination among ever-married adult Bangladeshi women, for both themselves and for their daughters. To our knowledge, only one other study, the Bangladesh Midlife Women's Health Study (BMWHS) has been previously conducted in Bangladesh to assess women's knowledge of cervical cancer [21] . However, the focus of the BMWHS's research question was on cervical cancer screening and there was no assessment of awareness or acceptability of HPV vaccination presented. Eighty-one percent of the study population of BMWHS reported to have ever heard of cervical cancer, which is lower than both our rural (90%) and urban population's (93%) awareness. The investigators of this study did not delve further into knowledge of cervical cancer and limited their assessment to five questions which focused on cervical cancer screening. In contrast to our study, the investigators reported that 8.3% of their study population had previously undergone cervical cancer screening. This is particularly interesting as the majority (73%) of their study sample was from rural areas of Bangladesh. In our study, only 3.1% of urban and 0.7% of rural women reported to have ever undergone cervical cancer screening. Findings from our analysis regarding screening rates are comparable to other surveys conducted in developing countries, particularly the South-Asian subcontinent [25] .
The results of our cross-sectional study are consistent with other assessments of knowledge and acceptability of HPV vaccine knowledge conducted in low-and middleincome countries. Previous studies have reported both low levels of cervical cancer knowledge and high willingness to receive the HPV vaccine to prevent the development of cervical cancer from HPV [19, [26] [27] [28] [29] [30] [31] . For example, in Nepal, previous reports have indicated that overall about half of women were aware of cervical cancer, with a higher awareness among urban Nepali women [19] . In-depth knowledge of cervical cancer was low, however, willingness to have their children vaccinated against HPV was high. In India, levels of knowledge of cervical cancer and acceptance of the HPV vaccine vary vastly by region [32] . In southern India, previous reports have shown that about one-third of women have heard of HPV while only 15% have heard of cervical cancer [33] . Additionally, only 46 % of women were accepting of vaccination. Research Monthly Expenditure BDT, 1US$ = 78 BDT conducted in northern Indian among young schoolattending girls (12-22 years of age) depicts low awareness (15%) of HPV and cervical cancer, and low acceptance (13%) of the HPV vaccination [34] . Although cervical cancer is the second-leading cause of cancer deaths among women in India [6] and the HPV vaccine is available in the Indian market, uptake is low due to low awareness and knowledge. Efforts should be made in Bangladesh to avoid a similar scenario and resources should be allocated to a wide-spread and culturally sensitive educational campaign to market the HPV vaccine as a vaccine against cancer for maximum uptake. The results of our study provide important insight into sources of knowledge commonly utilized by Bangladeshi women to obtain information related to health, specifically cervical cancer and the HPV vaccine. The majority of both urban and rural participants reported to have heard of cervical cancer from neighbors, family members, and television programs. Future preventive programming can utilize television as a media source to reach a broader audience [35] . Data from this study also showed the minimal impact health professionals have on the population in terms of cervical cancer education: Only 12% of urban and 8% women reported to have heard of cervical cancer from a physician. Efforts should be made to coordinate all stakeholders, including physicians and other health professionals, in the implementation of successful HPV vaccine programs. Future research should assess levels of knowledge of cervical cancer and its preventative services among health care providers. This is of particular significance as previous literature shows health professionals play a key role in vaccine uptake and that physician recommendation is the strongest predictor of HPV vaccine uptake among adolescents [36] .
A limited number of participants were able to identify different risk factors of cervical cancer. Participants who did provide a response for this question most frequently chose unhygienic menstrual practices, sexual intercourse, and a sexual relationship with someone other than their husband as potential ways to develop cervical cancer. Low condom use was not often chosen, indicating that the population is not aware of the etiology of HPV and cervical cancer. This may limit future HPV vaccine programming, as the population may not recognize the association between sexually transmitted infections (STIs) and cervical cancer, and opt out of receiving the vaccination. However, previous literature has also indicated that the association between STIs and cervical cancer has hindered efforts to promote the HPV vaccine in the population [37] . In several countries, a frequently identified barrier to HPV vaccination has been parental fears that the vaccine may lead to sexual promiscuity [38] . This is a vital concern and practitioners involved in primary care, school-based health services, and adolescent health should be engaged to avoid the potential spread of misinformation regarding the safety and efficacy of the vaccine. Future implementation efforts should include culturally appropriate educational interventions through the media, particularly the television, in order to better inform the population of the association between HPV and cervical cancer.
Similarly, only a small proportion of participants were able to provide responses regarding preventive methods against cervical cancer. The majority of participants chose medications, one-time examination by doctor, cleanliness, and maintaining a monogamous sexual relationship with their husband. Only a limited number of the respondents were able to correctly choose vaccination and regular examination by a physician. This finding further underscores the need for widespread educational interventions on cervical cancer and associated factors, such as risk behaviors and preventive methods. Such educational interventions can be targeted to groups who were identified to be less likely to have heard of cervical cancer based on multivariable analyses. These groups include: younger women in urban and rural areas, women with either no or low education in urban areas and rural areas, urban women with low income, and urban women who do not use condoms. Although findings from this study are novel and timely for successful HPV vaccine program implementation, several limitations should be taken into consideration when interpreting these results. Participants included in this study resided in surveillance sites of icddr,b. where they have frequently participated in various public health initiatives and research projects. This frequent exposure to public health programming may explain the population's widespread willingness to receive the HPV vaccination or a vaccine to prevent cervical cancer. As such, this sample may not be representative of the entire population, however, one can expect even lower knowledge in the broader population outside of the surveillance site. Additionally, questions included in this survey were close-ended; openended questions may have provided the opportunity to better assess cervical cancer and HPV related knowledge, perceived risk and awareness, especially when no prior data were available for this population.
The high level of willingness to receive a vaccine to prevent cervical cancer despite low knowledge of cervical cancer presents potential ethical issues and underscores the need to provide educational programs. This will ensure that Bangladeshi women are able to make informed decisions on their health and that of their families. Additionally, in the absence of accessible regular screening programs, the implementation of an HPV immunization program should be a public health priority in Bangladesh. In our study population, only 1.9% of the entire sample had previously undergone screening for cervical cancer. This finding is consistent with previous literature published in 2012, which estimated that only 1.1% of the women in Bangladesh had previously undergone cervical cancer screening based on data collected in 2003 [25] . Based on these results, it is reasonable to conclude that rates of cervical cancer screening have not improved over the last decade in Bangladesh. Previous studies have shown that low awareness and socioeconomic barriers can potentially lead to underutilization of screening services for women. Education of women by healthcare workers is an important factor for increasing screening rates [39] . Future research is needed to explore the level of knowledge of cervical cancer in other populations at high risk.
Conclusions
This study provides the first population-based assessment of willingness to receive the HPV vaccine. These findings are timely as the Government of Bangladesh has recently obtained support from GAVI to provide a national HPV vaccine program to school-aged adolescent girls. The findings from this study provide the necessary countryspecific evidence for the development of this program. Despite high levels of awareness of cervical cancer, indepth knowledge of causes of cervical cancer and how it can be prevented is low. Additionally, cervical cancer screening was very low in this population. These findings underscore the necessity for culturally appropriate and targeted educational interventions to improve knowledge of cervical cancer causes and its primary prevention through the HPV vaccine. Despite low knowledge about the disease and its prevention, there was a high level of willingness to receive a vaccine to prevent cervical cancer. As such, this survey suggests that the HPV vaccine would likely be an accepted addition to routine vaccinations in Bangladesh. Findings from this study have important implications for designing and implementing HPV vaccine programs, and educational efforts in the country. 
